Highly active antiretroviral therapy fails to reach its recommended goal of sustained suppression of viral replication in a substantial proportion of patients. We analyzed incidence and predictors of virologic failure of the first regimen of a triple-drug combination therapy, including a protease inhibitor and two nucleoside analog reverse transcriptase inhibitors (NRTIs), in 274 HIV-infected patients. Long-term virologic response to combination therapy including salvage regimens was assessed 2.5 years after treatment initiation. During an initial observation period of up to 1.8 years (median, 0.8 years) 152 patients (55% ) experienced sustained suppression of HIV-1 RNA to , 500 copies/ml. Failure to reduce viral load to , 500 copies/ml within 6 months (initial failure) was observed in 51 patients (19% ). Independent risk factors for initial failure included higher baseline viral load; addition of a protease inhibitor to an unchanged NRTI regimen; use of saquinavir hardgel capsules; and longer duration of prior NRTI treatment. Within a median of 7 months viral load rebound above 500 copies/ml occurred in 71 of 223 patients (32%) whose viral load had initially decreased below this threshold. In proportional hazard analysis none of the potential risk factors was significantly associated with viral load rebound. However, in 40 patients (56% ) with viral load rebound, incomplete adherence to therapy or treatment interruptions preceded the rebound. Virologic outcome after 2.5 years correlated with initial response to the first regimen: viral load was , 500 copies/ml in 88, 55, and 21% of patients with sustained suppression, viral load rebound, and initial failure, respectively. 1631 
INTRODUCTION I
M P R ES SIVE RE D U C TIO N S in morbidity and AIDS-associated mortality can be attributed to the use of highly active antiretroviral therapy. 1, 2 However, protease inhibitor-containi ng drug combinations failed to lead to sustained suppression of plasma HIV-1 RNA concentrations to below the limit of quantification in about 50% of patients treated at experienced primary care centers [3] [4] [5] [6] and in large clinical trials. 7 Treatment failure may have grim consequences for the individual patient and seriously threatens the initial success of combination therapy in the community, raising concerns about selection and transmission of multiresistant viruses. 8 And, last but not least, treatment failure carries a significant econom ic burden.
To increase substantially the success rate of antiretroviral combination therapy there is an urgent need to understand better the factors associated with treatment failure. We therefore decided to determ ine incidence and predictors of virologic failure of the first regimen of highly active antiretroviral therapy in the primary care setting and to assess durability of treatm ent effect.
MATERIALS AND METHODS

Patients
The focus of our study was 274 participants in the Swiss HIV Cohort Study (SHCS) 2, 9 ; these patients were treated at our unit, a university-based urban primary care HIV clinic. Included were patients who initiated antiretroviral triple-com bination therapy, including a protease inhibitor and two NRTIs, between October 1995 and March 1997, and for whom complete laboratory data sets were available. The latter include (1) an HIV-1 RNA concentration above 500 copies/ ml and a CD4 tion therapy, (2) at least one HIV-1 RNA assay performed between 2 and 6 months after the start of therapy, and (3) at least one other HIV-1 RNA determination performed more than 6 months after the start of therapy. Patients were protease inhibitor naive at study entry. Baseline patient characteristics, starting date, duration and composition of antiretroviral treatment, as well as laboratory results were retrieved from the SHCS database and verified by detailed chart review. Information on adherence was also retrieved from the charts. In the absence of a precise definition, the assessment of the quality of adherence was at the discretion of the treating physician. The analysis of incidence and predictors of virologic failure of the first regimen and on clinical events is based on information recorded up to December 1997. Assessment of long-term virologic outcom e was based on the latest available HIV-1 RNA measurement recorded between January 1998 and May 1999. The limitation to the first treatm ent regimen was dropped for the analysis of long-term outcome.
HIV-1 RNA measurements
Until January 1998 the Roche Amplicor HIV-1 Monitor test was used to determine levels of plasm a HIV-1 RNA concentration (viral load) according to the manufacturer' s instructions. The lower limit of quantification was 500 copies/ml. Plasma HIV-1 RNA concentration was measured approxim ately every 3 months. For the latest available HIV-1 RNA measurements , the ultrasensitive procedure of the Roche Amplicor HIV-1 Monitor test with a lower limit of detection of 50 copies/ml was used.
Antiretroviral drugs
The nucleoside analog reverse transcriptase inhibitors (NRTIs) available during the study period and the doses prescribed included zidovudine (250 mg twice daily), stavudine (40 mg twice daily; 30 mg twice daily in patients weighing less than 60 kg), lam iduvine (3TC, 150 mg twice daily), didanosine (200 mg twice daily), and zalcitabine (0.75 mg three times daily). More than 85% of patients used either zidovudine and 3TC or stavudine and 3TC. Availability and, consequently, use of individual protease inhibitors changed during the study period. While saquinavir hard-gel capsules (600 mg three times daily) were prescribed to more than 60% of the patients prior to March 1996, they were largely replaced by indinavir (800 mg three times daily) or ritonavir (600 mg twice daily) by the second half of 1996. At the end of the study period, 60% of patients were taking indinavir, and 40% were taking ritonavir. In antiretroviral therapy-naive patients both NRTIs and the protease inhibitor were started on the same day or within an interval of less than 14 days.
Statistical analysis
Data were analyzed with SAS (SAS Institute, Cary, NC) software, version 6.11. The Kruskal-Wallis test or Wilcoxon twosample test was used to analyze differences between groups. The following end points were analyzed: (1) initial treatment failure (no HIV-1 RNA value below 500 copies/ ml within the first 6 months after initiating combination therapy); (2) viral load rebound (at least one HIV-1 RNA measurem ent below 500 copies/ml within the first 6 months of starting combination therapy, followed by at least one HIV-1 RNA value at or above 500 copies/ ml); and (3) sustained suppression (at least two HIV-1 RNA measurements below 500 copies/ml; at least one within the first 6 months and at least one after 6 months of initiating com bination therapy). Potential predictors of initial treatment failure and viral load rebound were assessed by logistic regression analysis and Cox proportional hazard analysis, respectively. The following variables were entered into the models: age; sex; HIV exposure risk; disease status according to clinical stages A, B, and C of the 1993 definition of the Centers for Disease Control and Prevention; CD4 1 cell count; plasm a HIV-1 RNA concentration; calendar period when combination therapy was initiated (in quarters); mode of initiation of combination therapy; protease inhibitor; duration of HIV infection; and duration of prior antiretroviral treatment. CD4 1 cell count (after adding the value of 1) and HIV-1 RNA concentration were log 10 transformed.
RESULTS
Baseline characteristics
We analyzed data from 274 HIV-infected persons who started antiretroviral combination therapy that included a protease inhibitor and two NRTIs between October 1995 and March 1997. Baseline patient characteristics are summarized in Table 1 . The only significant difference between study patients and patients not included in the analysis (mainly due to incom plete baseline data) was a higher rate of pretreatment with NRTIs in the study population (73 versus 48%; p , 0.001). For patients with plasm a HIV-1 RNA concentrations persistently below the limit of quantification, the observation period was at least 6 months. We observed two general patterns of virologic treatm ent failure: (1) treatment failed ever to reduce viral load below the limit of quantification within the first 6 months or (2) after an initial decline below 500 copies/ml, plasma HIV-1 RNA concentrations rebounded above this threshold after variable amounts of time. Both patterns were analyzed separately.
PARIS ET AL. 1632
Initial treatment failure
For the study of incidence and predictors of virologic failure of the first regimen of combination therapy patients were closely monitored for a median of 0.85 year (range, 0.5-1.65 years). Within 6 months of its initiation, antiretroviral combination therapy failed to reduce plasma HIV-1 RNA concentration to less than 500 copies/ml in 51 of 274 patients (19%) ( Table 2 ). The failure rate was higher in NRTI-experienced patients (46 of 200 [23%]) than in treatment-naive patients (5 of 74 [7%]) ( Table  4 ) and increased with the duration of prior NRTI treatment. Univariate analysis revealed further that the failure rate increased with higher baseline plasma HIV-1 RNA concentrations and lower CD4 1 cell counts at baseline. Patients taking saquinavir had significantly higher failure rates than did patients taking indinavir or ritonavir. Failure rates were independent of age, and evenly distributed between both sexes and all HIV exposure categories. Clinical stage and calendar period when combination therapy was initiated had no significant effect on the incidence of treatment failure. In multivariate logistic regression analysis we found the following four variables to be independent predictors of failure of therapy to reduce plasma HIV-1 RNA below the limit of quantification: (1) Table 2 and Fig. 1 ). Combination therapy failed to reduce viral load below the limit of quantification in 7 of 68 patients (10%) with less than 10 4 HIV-1 RNA copies/ml and 25 of 95 patients (26%) with more than 10 5 copies/ml. Multivariate analysis also revealed that neither a treatment strategy that introduced at least one new NRTI to an existing regimen when protease inhibitor treatment was started, nor baseline CD4
1 cell count, were independently associated with virologic treatment failure. Abbreviation: ART, Antiretroviral therapy. a n 5 274. b Logistic regression model adjusted for sex, age, HIV exposure risk, and duration of HIV infection. c Switch, at least one nucleoside reverse transcriptase inhibitor with which the patient has never before been treated is introduced when protease inhibitor is started.
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d Add-on, protease inhibitor is added to an unchanged nucleoside reverse transcriptase inhibitor regimen.
Rebound of HIV-1 RNA
In 223 of 274 patients (81% ) antiretroviral combination therapy initially succeeded in reducing plasm a HIV-1 RNA concentration to undetectable levels. However, during an observation time of at least 6 months after the start of a protease inhibitor-containin g regimen, viral load rebounded to levels above 500 copies/ml of plasma in 71 of 223 patients (32% ) ( Table 3) . Again, the virologic treatment failure rate was higher among NRTI-experienced patients (57 of 154 [37%]) than among treatment-naive patients (14 of 69 [20%]) (Table 4) . Overall, com bination therapy led to sustained reduction of plasm a viral load to less than 500 copies/ml in 55 of 74 treatment-naive patients (74%), and in 97 of 200 pretreated patients (49%). In the univariate Cox proportional hazard model, failure of treatment to continuously suppress viral replication was significantly associated with (1) calendar period of treatment initiation, (2) adding a protease inhibitor to an unchanged NRTI regimen, and (3) CDC stage C disease. In the multivariate model, none of the tested variables was significantly associated with a rebound of HIV-1 RNA concentration above 500 copies/ml of plasma. However, detailed chart review revealed that the treating physician had noted incomplete adherence to therapy to precede viral load rebound in 25 of 71 patients (35%), and that in an additional 15 of 71 patients (21%) treatment interruptions of at least 1 week were documented before virologic failure occurred. In contrast, for none of the patients with sustained suppression of viral replication were difficulties with adherence to the prescribed regim en reported, and only 12 of these 152 patients (8% ) had docum ented treatment interruptions of at least 1 week. A high baseline viral load was not associated with a rebound of HIV-1 RNA concentration above 500 copies/ml of plasma. In contrast, the odds for initial virologic treatment failure increased with baseline plasma HIV-1 RNA concentration (Fig. 1) .
Overall, antiretroviral therapy failed to continuously reduce viral load below 500 copies/ml in 122 of 274 patients (45% ) ( Table 4) .
Clinical events during observation period
During the initial 25 months of the study, comprising 235 observation-years among 274 patients, no deaths of patients taking combination therapy were recorded. However, one patient with progressing non-Hodgkin' s lymphoma died 4 months after stopping treatm ent. Nine AIDS-definin g events in 8 patients were observed 1 to 5 months after the start of a protease inhibitor-containing regimen (CD4 1 cell counts at the time the events occurred are given in parentheses): Candida esophagitis in two (23 and 57), herpes simplex virus-associated nonhealing ulcers in two (139 and 424), non-Hodgkin' s lymphoma in two (16 and 40), and one case each of cytomegalovirus retinitis (50), cryptosporidiosis (9) , and Kaposi's sarcoma (150). Eight of the 9 events occurred in patients with virologic treatment failure; none seems to have been triggered by combination therapy.
Long-term virologic outcome
To assess long-term virologic response to combination therapy including salvage regimens, the latest HIV-1 RNA values available in May 1999 (corresponding to a median follow-up of 2.5 years [range, 1.7-3.4 years] after the start of combination therapy) were compared with the initial treatment response to the first regimen ( Table 5) . Results of HIV-1 RNA determinations were available for 242 of 274 patients (88%). A total PARIS ET AL. 1634
FIG. 1.
The influence of viral load on virologic treatment failure. Proportion of patients in the respective baseline viral load stratum failing to suppress viral load below 500 copies/ml of plasma within 6 months of starting combination therapy (initial failure, solid bars), and those with viral load rebound above 500 copies/ml of plasma (gray bars).
of 122 of 139 patients (88% ) who initially responded with sustained suppression of viral replication had viral load values below 500 copies/ ml; most, 107 of 139 (77%), had viral load determinat ions below 50 copies/ ml. Seventy-fi ve (54% ) of them were still on their original treatm ent regim en. In contrast, only 33 of 60 patients (55% ) with initial viral load rebound and 9 of 43 patients (21% ) with initial treatment failure achieved a reduction of HIV-1 RNA concentrati on below 500 copies/ ml on a salvage regimen. Overall, 2.5 years after starting com bination therapy, 164 of 242 (68% ) and 139 of 242 patients (57% ) had a viral load below 500 and below 50 copies/ ml, respectivel y.
DISCUSSION
During the initial observation period of this study, the first regimen of a protease inhibitor-containin g regim en failed to lead to sustained suppression of viral replication in 45% of patients. We identified two distinct patterns of virologic treatment failure that also differed with respect to the associated risk factors. During the first 6 months of treatment viral load failed to decline below 500 copies/ml in 19% of patients. A high baseline viral load, addition of a protease inhibitor without changing an established NRTI regimen, use of saquinavir hard-gel capsules, and long prior NRTI treatment were independent predictors of this type of treatment failure. In total of 32% of 223 patients who initially achieved an unquantifiable HIV-1 RNA level, viral load later rebounded above 500 copies/ml. None of the potential risk factors studied was significantly associated with viral load rebound in proportional hazard analysis. Chart review revealed that incom plete adherence to therapy preceded viral load rebound in 35% of patients (in contrast, none of the patients with sustained suppression was noted for adherence problems). Treatment interruptions of at least 1 week preceded viral load increase above the limit of quantification in an additional 21% of patients.
At a median of 2.5 years after initiation of a protease inhibitor-containing regimen, highly active antiretroviral therapy including first and salvage regimens had led to suppression of viral replication to levels of 500 and 50 copies/ml in 68 and 57% of patients, respectively. d Switch, at least one nucleoside reverse transcriptase inhibitor with which the patient has never before been treated is introduced when protease inhibitor is started.
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e Add-on, protease inhibitor is added to an unchanged nucleoside reverse transcriptase inhibitor regimen.
Many of the risk factors associated with failure to achieve unquantifiable HIV-1 RNA levels can be linked to the emergence of resistance, although this was not directly measured. Pretreatment with NRTI did not lead to complete suppression of viral replication in the study population (those with unquantifiable viral load at baseline were excluded from analysis). Ongoing viral replication under treatm ent has been shown to be strongly associated with resistance development. 10, 11 Consequently, failure to change NRTI when the protease inhibitor was introduced may be equivalent to instituting protease inhibitor monotherapy, which has been shown to lead to the development of resistant viruses. 10 Considering the potential of cross-resistance between NRTIs, 12 it may not be surprising that long duration of prior NRTI prescription is a risk factor not only for patients whose NRTI regimen remained unchanged when a protease inhibitor was added but also for patients whose new regimen consisted of at least one new NRTI in addition to the protease inhibitor. The low bioavailability of saquinavir hard-gel capsules has been used to explain its limited potency to suppress viral replication, which may lead directly to the emergence of resistant viruses. 13 Although studies on the virologic effect of protease-containing regimens in clinical cohorts 3,4,6 did not differentiate between initial failure and viral load rebound, the risk factors for overall treatm ent failure they identified largely correspond with those we found associated with failure to achieve unquantifiable HIV-1 RNA concentrations. A notable exception is the absence in this study, and that of Casado et al., 6 of an association between baseline CD4 1 cell count and failure rate, a finding that contrasts with previous work. 3, 4 Differences in the definition of virologic failure and baseline patient characteristics may account for this discrepancy.
In retrospect, it may be surprising that the experience gained with the sequential use of tuberculostatic drugs when they were introduced more than 40 years ago ("never add a single drug to a failing regim en") was not initially applied to antiretroviral therapy. When protease inhibitors first became available, they were often added to previously established NRTI regimens. 7 ,14 Only when the high failure rates associated with this approach becam e evident did concomitant rather than sequential introduction of antiretroviral drugs become standard. However, in spite of the strong association betw een treatment failure and sequential introduction of antiretroviral drugs, our adoption of the new standard, during the course of the study, is not reflected by a significantly better outcom e in patients who started com bination therapy in the later phases of the study ( Table 2) .
The first protease inhibitor-containi ng regimen failed to continuously suppress viral replication below the limit of quantification in 45% of our patients. Similar failure rates ranging from 40 to 55% have been reported for other clinical cohorts 3, 4, 6 and for clinical trials. 7 Patients failing their first protease inhibitorcontaining regimen are commonly switched to new treatment regimens containing drugs the patient has not previously taken. The success rate of these salvage regimens may be low. 4 Our observations at follow-up 2.5 years after initiating combination therapy suggest that salvage regimens may lead to sustained suppression of viral replication in up to 55% of patients with viral load rebound. Salvage regimens, how ever, were significantly less successful in patients who experienced initial fail- ure (only 21% of these patients had a viral load below 500 copies/ml at the latest follow-up). The durability of effect of a successful first regimen is emphasized by our finding that 88 and 77% of patients with initial success had a viral load of , 500 and , 50 copies/ml, respectively, 2.5 years after starting com bination therapy.
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No risk factors for rebounding HIV-1 RNA concentrations other than treatment interruptions of at least 1 week and incom plete adherence to therapy could be identified. Since adherence has been assessed retrospectively on the basis of unstructured and potentially biased notes in the patient charts, this finding needs to be interpreted with caution. However, suboptimal drug levels associated with nonadherence may promote resistance developm ent and consequently therapeutic failure. 10 Treatment interruption can be considered an extreme of nonadherence. Our results suggest that once HIV-1 RNA concentration has become unquantifiable, neither baseline characteristics (such as high baseline viral load) nor inadequate treatment strategies (such as sequential introduction of antiretroviral drugs) that may make reaching this goal difficult determ ine the continued suppression of viral replication. This finding was confirmed in a study that found only a modest correlation between baseline HIV-1 RNA concentration and duration of viral suppression during protease inhibitor treatment. 5 To achieve long-term control of HIV-infection, antiretroviral therapy must be aimed at sustained, com plete suppression of viral replication. Recent work suggests this may mean to reduce plasma HIV-1 RNA levels to below 20 copies/ml. 11 If this goal is missed, resistance to antiretroviral drugs will eventually develop and virologic failure will ensue. 1 5 Virologic treatment failure predicted clinical failure in some studies. 16 However, the small number of AIDS-definin g events observed in this and other studies 6 in spite of high virologic failure rates, and a report of a lack of clinical progression and increasing CD4
1 cells in a subset of patients continuing antiretroviral combination therapy in spite of increasing HIV-1 RNA plasma concentrations, 17 indicate that virologic treatment failure may not necessarily lead to clinical progression.
This study has several methodological limitations. Owing to a selection bias toward pretreated patients included in the study we may have overestim ated the overall failure rate of combination therapy. The study still includes 27% treatment-naive patients and therefore allows for valid conclusions on the effect of pretreatment and its duration in the multivariate analyses (Tables 2 and 3 ). The low num ber of HIV-1 RNA measurem ents required for entry into the study and their timing may have led to underestimation of the initial response rate in patients whose HIV-1 RNA declines slowly. However, because 87 and 85% of patients had two or more HIV-1 RNA determinations in the first 6 months and between 6 and 9 months, respectively, after starting com bination therapy this potential error is thought to be minor. The choice of protease inhibitor used was not randomized but rather governed by availability. Comparison of the relative contribution of individual protease inhibitors to virologic failure should thus be interpreted with caution.
Our study indicates ways to improve the success rate of antiretroviral combination therapy. Patients with high base line HIV-1 RNA concentrations should receive the most intense treatment tolerated, and may be considered for four-drug regimens (in spite of the limited data indicating their efficacy 18 ). When a protease inhibitor is initiated in NRTI-experie nced patients, at least one or possibly two NTRIs that the patient has not been taking previously should be included in the new regimen. Saquinavir hard-gel capsules should be com bined with another protease inhibitor to increase serum levels, or be replaced by the soft-gel formulation. 19 The finding that antiretroviral-experien ced patients had twice the failure rate of NRTI-naive patients emphasizes the importance of a successful first treatment regimen. Given the cross-resistance between antiretroviral drugs, treatment options may be limited in patients who develop resistance to one treatment regimen.
Last but not least, every effort should be taken to maximize adherence to therapy. In our experience, frequent individual discussions and support are invaluable but may need to be complemented by novel strategies to reach their goal.
In sum mary, we found the first regimen of antiretroviral combination therapy to suppress viral load below the limit of quantification in 55% of patients in a clinical cohort of HIV-infected individuals for at least 6 months. Virologic treatment failure was evident either as failure to achieve HIV-1 RNA levels below 500 copies/ ml or as viral load rebound. Both patterns of failure were associated with distinct risk factors. Improved treatment strategies for clinical practice and higher success rates of antiretroviral com bination treatment may result when these risk factors are taken into consideration.
